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Resumen: /D VXSOHPHQWDFLyQ GHO JDQDGR HQ ODV GHKHVDV VXSRQH XQR GH ORV PD\RUHV FRVWHV GH
SURGXFFLyQ(QORV~OWLPRVDxRVHO LQFUHPHQWRGHORVSUHFLRVGHODVPDWHULDVSULPDVDJUtFRODVKDVLGR
PD\RUTXHHOGHORVSURGXFWRVJDQDGHURVSRUORTXHPXFKDVH[SORWDFLRQHVKDQUHGXFLGRVXVEHQHILFLRV
(OREMHWLYRGHHVWHWUDEDMRHVLGHQWLILFDUORVSHUtRGRVFUtWLFRVHQODSURGXFFLyQGHELRPDVDGHSDVWRVGH
GHKHVD\HQODVXSOHPHQWDFLyQSRUXQLGDGGHJDQDGRPD\RU8*06HKDHODERUDGRXQPRGHORDJUR
HFRQRPpWULFR SDUD HVWXGLDU OD LQFLGHQFLD GH ODV VHTXtDV HQ HO SHULRGR  (O PRGHOR VH KD
YDOLGDGRFRQGDWRVGHFDPSRGHWUHVGHKHVDVGH(O&XERGH'RQ6DQFKR6DODPDQFD7UXMLOOR&iFHUHV
\3R]REODQFR&yUGRED(QXQDGHKHVDWLSRGH3R]REODQFRHOFRVWHDQXDOPHGLRSRUVXSOHPHQWDFLyQIXH
GH  ½8*0 HO JDVWR Pi[LPR DQXDO DOFDQ]y ORV  ½8*0 HQ HO DxR  \ HO
PtQLPRIXHGH½8*0HODxR/DDSOLFDFLyQGHOPRGHORKDSHUPLWLGRLGHQWLILFDUTXH
ORVSHULRGRV FUtWLFRV DSDUHFHQ HQPD\R MXQLR MXOLR\ IHEUHUR/D VHTXtDSURORQJDGD WXYRXQ LPSDFWR
HFRQyPLFRPi[LPRGLDULRGH½8*0
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
Abstract:6XSSOHPHQWDWLRQRIFDWWOHRQSDVWXUHVLVRQHRIWKHKLJKHUSURGXFWLRQFRVWV,QUHFHQW\HDUV
WKH LQFUHDVH LQ SULFHV RI DJULFXOWXUDO FRPPRGLWLHV KDV EHHQ KLJKHU WKDQ OLYHVWRFN SURGXFWV VRPDQ\
IDUPVKDYHUHGXFHGWKHLUSURILW7KHDLPRIWKLVSDSHULVWRLGHQWLI\WKHFULWLFDOSHULRGVLQWKHSURGXFWLRQ
RI SDVWXUH DQG WR FDOFXODWH IHHG VXSSOHPHQWDWLRQ SHU XQLW RI OLYHVWRFN /68 $Q DJURHFRQRPHWULF
VLPXODWLRQPRGHOKDVGHYHORSHGWRVWXG\WKHLPSDFWRIGURXJKWVLQWKHSHULRG7KHPRGHO
ZDVYDOLGDWHGZLWKILHOGGDWDRIWKUHHGHKHVDVRI(O&XERGH'RQ6DQFKR6DODPDQFD7UXMLOOR&iFHUHV
DQG 3R]REODQFR &yUGRED LQ 6SDLQ ,Q 3R]REODQFR WKH DYHUDJH DQQXDO FRVW RI VXSSOHPHQWDWLRQZDV
½/68WKHDQQXDOPD[LPXPZDV½/68LQWKH\HDUDQGWKHPLQLPXPZDV
½/68WKH\HDU0D\-XQH-XO\DQG)HEUXDU\DUHWKHFULWLFDOSHULRGVLQWKHGHKHVD
V\VWHPVWRSDVWXUHVXSSO\)RUGURXJKWORQJHUWKDQGD\VWKHPD[LPXPFRVWRIVXSSOHPHQWDWLRQZDV
½/68
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INTRODUCCIÓN 
/DV H[SORWDFLRQHV JDQDGHUDV HQ H[WHQVLYR HVWiQ FRQGLFLRQDGDV SRU YDULDV
IDFWRUHV FRPRVRQ HOPDQHMR OD FDUJDJDQDGHUD HO SUHFLRGH ORV IRUUDMHV\SLHQVRV
TXH KD\ TXH SURSRUFLRQDU D ORV DQLPDOHV HQ pSRFDV GH VHTXtDV OD LQFLGHQFLD GH
HQIHUPHGDGHV\ ODFRQFHQWUDFLyQGHYHQWDGHJDQDGRTXHJHQHUDXQDVREUHRIHUWD\
EDMDGDGHOSUHFLR HQWUHRWURV7RGRV HOORV  SURGXFHQXQDXPHQWRGHO ULHVJR HQ OD
YLDELOLGDGHFRQyPLFDGHODVH[SORWDFLRQHVJDQDGHUDVHQUpJLPHQH[WHQVLYR0LHQWUDV
ODRIHUWDIRUUDMHUDIOXFW~DHQIXQFLyQGHODVFRQGLFLRQHVDPELHQWDOHVODYDULDFLyQGHOD
FDUJDJDQDGHUD HVPHQRU \ HQJUDQPHGLGD VH WUDQVILHUH D OD FRQGLFLyQ FRUSRUDO R
GLFKRGHRWUD IRUPDDOSHVRYLYRPDQWHQLGRSRUXQLGDGGHVXSHUILFLHD OR ODUJRGHO
DxR 3RU OR TXH HYHQWRV H[WUHPRV GH IDOWD GH SURGXFFLyQ GH IRUUDMH VH WLHQHQ TXH
FRPSHQVDU FRQ FRPSUDV GH DOLPHQWR SDUD PDQWHQHU DO UHEDxR UHSURGXFWRU
'HSHQGLHQGR GH OD FDUJD JDQDGHUD \ GH ORV IDFWRUHV DPELHQWDOHV HVSHFLDOPHQWH OD
PHWHRURORJtDHOSDVWRUHRVHUiPiVRPHQRVGXUDGHURHQHOWLHPSR'HSHQGLHQGRGH
OD FDQWLGDG \ GH OD FDOLGDG GHO SDVWR GLVSRQLEOH HQ DOJXQRVPRPHQWRV GHO FLFOR HO
JDQDGHUR WLHQH TXH VXPLQLVWUDU XQ FRPSOHPHQWR WDQWR DOLPHQWLFLR D ORV DQLPDOHV
SDUD VX PDQWHQLPLHQWR R SURGXFFLyQ 'XUDQWH ORV SHULRGRV ODUJRV GH VHTXtD HO
FRPSOHPHQWR DOLPHQWLFLR D VXPLQLVWUDU VHUi PD\RU TXH HQ OD pSRFD GH Pi[LPD
SURGXFFLyQ GH ELRPDVD GH SDVWR /DV H[SORWDFLRQHV JDQDGHUDV HQ ODV GHKHVDV
SUHVHQWDQXQD DOWD YXOQHUDELOLGDG D OD VHTXtD SRU OR TXHQHFHVLWDQPHFDQLVPRVGH
DGDSWDFLyQSDUDUHGXFLUHOULHVJR\SDUDPDQWHQHUEDMRVORVFRVWHV%iH]/DV
VHTXtDV HQ (VSDxD GH ORV DxRV   \  DSDUHFHQ HQ OD OLVWD GH ODV ´
VHTXtDVGHOPXQGRPiVFRVWRVDVµFRPSUHQGLGDVHQWUH*XKD6DSLUet al.,
/DVHTXtDHQWXYRJUDQGHVFRQVHFXHQFLDVHQORVFXOWLYRVKHUEiFHRV\HQ
ORVSDVWRVDIHFWDQGRDOGH ODVXSHUILFLHHVSDxROD $JURVHJXURFDXVDQGR
JUDQGHVSpUGLGDV,JOHVLDVet al.(ODxRKLGUROyJLFRKDVLGRXQDxR
H[WUHPR HO2EVHUYDWRULR1DFLRQDOGH OD6HTXtD ORKD FDOLILFDGRGHVGHXQSXQWRGH
YLVWDPHWHRUROyJLFRFRPRPX\VHFR\DTXHODVHTXtDKDVLGRJHQHUDOL]DGDHQWRGRHO
WHUULWRULRSHQLQVXODU\VHKDPDQWHQLGRGXUDQWHXQ ODUJRSHULRGRGHWLHPSRGHVGH
HQHUR KDVWD RFWXEUH FRQIRUPH OD HYROXFLyQ GHO 1'9, tQGLFH GH YHJHWDFLyQ GH
GLIHUHQFLD QRUPDOL]DGD SURSRUFLRQDGR SRU $JURVHJXUR  SDUD HO VHJXUR GH
VHTXtD HQ SDVWRV (O 1'9, VH KH HPSOHDGR VDWLVIDFWRULDPHQWH SDUD HVWLPDU OD
SURGXFFLyQGHELRPDVDGHOSDVWR3DUXHORet al.+LOOet al.(OREMHWLYR
GHHVWHWUDEDMRHVLGHQWLILFDUORVSHULRGRVFUtWLFRVHQODSURGXFFLyQGHORVSDVWRVHQOD
+HUQiQGH]'tD]$PEURQD(VFULEDQR%iH]\,JOHVLDV
  |
GHKHVD\HQODVXSOHPHQWDFLyQGHOJDQDGR
 
MATERIALES Y MÉTODOS 
3DUD LGHQWLILFDU ORV SHULRGRV FUtWLFRV VH KD HODERUDGR XQPRGHOR GLQiPLFR
DJURHFRQRPpWULFR TXH LQWHJUD HO FUHFLPLHQWR GHO SDVWR \ YDULDEOHV HFRQRPpWULFDV
SDUDHOFiOFXORGHOFRVWHGHODVXSOHPHQWDFLyQHQIXQFLyQGHODFDQWLGDGGHDOLPHQWR
QHFHVDULD \ GHO SUHFLR GH IRUUDMHV \ FRQFHQWUDGRV (O PRGHOR DJURHFRQRPpWULFR
FRPSDUDODLQGHPQL]DFLyQTXHUHFLELUtDHOJDQDGHURFRQHOFRVWHDGLFLRQDORLPSDFWR
HFRQyPLFR GH OD VHTXtD TXH VXSRQH WHQHU TXH DOLPHQWDU D ORV DQLPDOHV HQ
FRQGLFLRQHVGHVHTXtDRIDOWDGHFUHFLPLHQWRGHOSDVWR)LJXUD/DLQGHPQL]DFLyQ
VH GHWHUPLQD HQ IXQFLyQ GH ORV YDORUHV GHO 1'9, \ GHO GLVHxR LQVWLWXFLRQDO GHO
VHJXUR HVWRV YDORUHV VH REWLHQH SDUD FDGD FRPDUFD SODQ GH VHJXURV \ GHFHQD GH
$*526(*852(OLPSDFWRHFRQyPLFRGHODVHTXtDVHGHWHUPLQDDSDUWLUGH
ODGLIHUHQFLDGHOPDUJHQEUXWRGHODH[SORWDFLyQFRQHOPDUJHQEUXWRGHODVLWXDFLyQ
PHGLDTXHHVFRQVLGHUDGDFRPRHOHVFHQDULRbusiness as usual/DSURGXFFLyQGLDULDGHO
SDVWR VH KD FDOFXODGR PHGLDQWH HO PRGHOR QXPpULFR TXH VLPXOD GLDULDPHQWH OD
FDQWLGDGGHELRPDVDGHODSDUWHDpUHDGHOSDVWRHQIXQFLyQGHOSDVWRDFXPXODGRHQHO
SHULRGRDQWHULRUGHVXFUHFLPLHQWRGLDULR\GHOSDVWRUHRGHORVDQLPDOHV*OLJDet al., 
/RVLQSXWVGHHVWHPRGHORVRQORVGDWRVPHWHRUROyJLFRVGLDULRVSURIXQGLGDG\
WH[WXUDGHO VXHOR\ ODFDUJDJDQDGHUD\ WLSRGHDQLPDO (OPRGHORVHKDYDOLGDGR
SDUD ODV  FRPDUFDV GH  9LWLJXGLQR 6DODPDQFD 7UXMLOOR &iFHUHV \ 9DOOH GH ORV
3HGURFKHV &yUGRED HQWUH ORV DxR  FRPSDUDGR ORV GDWRV PHGLGRV
PHQVXDOPHQWH HQ FDPSR \ ORV VLPXODGRV REWHQLHQGR HO FRHILFLHQWH GH FRUUHODFLyQ
OLQHDO/RVGDWRVFOLPiWLFRVGLDULRVGHSUHFLSLWDFLyQ WHPSHUDWXUD\UDGLDFLyQVRODU
VHKDQREWHQLGRGHODVHVWDFLRQHVGHO6LVWHPDGH,QIRUPDFLyQ$JURFOLPiWLFDSDUDHO
5HJDGtR 6,$5GH+LQRMRVDGHO'XTXH &yUGRED 9DOGHVDORU &iFHUHV\&LXGDG
5RGULJR6DODPDQFDSDUDHOSHULRGR
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Figura 1. 0RGHORDJURHFROyJLFRSDUDHYDOXDUHOLPSDFWRGHODVHTXtDHQ
H[SORWDFLRQHVJDQDGHUDVH[WHQVLYDV 

(O 0RGHOR $JUR(FRQRPpWULFR VH KD DSOLFDGR VREUH XQD H[SORWDFLyQ
JDQDGHUDERYLQDVLWXDGDHQODFRPDUFDGH3HGURFKHV&yUGRED/DH[SORWDFLyQWLSR
FRQVLGHUDGD WLHQH  KHFWiUHDV GH VXSHUILFLH GH SDVWRV  8*0 R YDFDV
UHSURGXFWRUDVHTXLYDOHQWHVXQUDWLRGHIHUWLOLGDGGHOORVWHUQHURVVHYHQGHQDO
GHVWHWHFRQNJGHSHVRYLYR\HOSUHFLRPHGLRGHOVXSOHPHQWRDOLPHQWDULRHVGH
HXURVSRUXQLGDGIRUUDMHUDOHFKHVHKDQFRQVLGHUDGRXQDVQHFHVLGDGHVIRUUDMHUDV
OHFKHGLDULDVGHSDUDXQDYDFDHQPDQWHQLPLHQWR%iH]6HKDXWLOL]DGRHO
VRIWZDUHHVWDGtVWLFR6WDW*UDSKLFV&HQWXULRQ;9,SDUD ODHYDOXDFLyQGH ODV VHULHV
WHPSRUDOHV 6H GHWHUPLQDURQ ODV PHGLDV GH SURGXFFLyQ HQ PDWHULD VHFD 06 OD
GHVYLDFLyQ HVWiQGDU '6 \ HO FRHILFLHQWH GH FRUUHODFLyQ OLQHDO HQWUH ORV YDORUHV
REVHUYDGRV\VLPXODGRV
 
RESULTADOS 
/DSURGXFFLyQDQXDOPHGLDREVHUYDGDGHSDVWRHQHOSHULRGRIXH
GH'6NJPDWHULDVHFD 06KDHQ&yUGREDNJ06KD'6
 HQ&iFHUHV \  NJ06KD '6  HQ 6DODPDQFD /RV YDORUHVPHGLRV
VLPXODGRV IXHURV UHVSHFWLYDPHQWH SDUD FDGD ORFDOLGDG  NJ06KD '6 
NJ06KD'6\NJ06KD'6/DVFRPSDUDFLRQHVHQWUHORV
YDORUHV GH SDVWR VHFR REVHUYDGR \ VLPXODGR KDQ PRVWUDGR XQRV FRHILFLHQWHV GH
+HUQiQGH]'tD]$PEURQD(VFULEDQR%iH]\,JOHVLDV
  |
FRUUHODFLyQ OLQHDO   \  UHVSHFWLYDPHQWH SDUD ODV GHKHVDV GH &yUGRED
&iFHUHV\6DODPDQFD)LJXUD/RVUHVXOWDGRVGHOPRGHORVRQFRQVLVWHQWHVFRQORV
REWHQLGRVHQFDPSR 
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Figura 2. 5HODFLyQH[LVWHQWHHQWUHHOSDVWRVLPXODGRVHJ~QHOPRGHORDJURHFRQRPpWULFR\HO
SDVWRREWHQLGRHQFDPSRGXUDQWHHOSHULRGR 

/D DSOLFDFLyQ GHO PRGHOR DJURHFRQRPpWULFR SDUD XQD H[SORWDFLyQ YDFXQD
H[WHQVLYDHQ&yUGREDUHFRJHTXHHOPD\RUJDVWRPHGLRGHDOLPHQWDFLyQVLPXODGRVH
JHQHUDHQORVPHVHVGHRWRxRVHSWLHPEUHRFWXEUH\QRYLHPEUHTXHUHSUHVHQWDQHO
GHORVFRVWHVGHVSXpVOHVLJXHQORVPHVHVGHYHUDQRMXQLRMXOLR\DJRVWRFRQHO
)LJXUD(QHOSULPHUFDVRGHSHQGHGHO LQLFLRGH ODHVWDFLyQGHFUHFLPLHQWR
GHOSDVWRKD\QHFHVLGDGGHVXSOHPHQWDFLyQVLHPSUH\FRQSRFDYDULDELOLGDGSUHVHQWD
EDMD YDULDQ]D \ FRHILFLHQWH GH YDULDFLyQ (Q ORV PHVHV GH YHUDQR OD YDULDELOLGDG
DXPHQWD \D TXH GHSHQGH GH OD FDQWLGDG GH SDVWR SURGXFLGR GXUDQWH OD SULPDYHUD
7DEOD/DPD\RUYDULDELOLGDGVHFRQFHQWUDHQHOLQLFLRGHOYHUDQRPD\RMXQLR\
MXOLRGHVSXpVHQORVPHVHVGHLQYLHUQR\RWRxRHQRFWXEUH(OFRVWHDQXDOPHGLRSRU
VXSOHPHQWDFLyQHQ ODH[SORWDFLyQWLSRVLPXODGD IXHGHHXURV8*07DEOD
 FRQPi[LPR GH HXURV\PtQLPRGH HXURVSRU DxR\8*0/RV
FRVWHVGHVXSOHPHQWDFLyQIXHURQPD\RUHVHQODVFDPSDxDV\
UHVSHFWLYDPHQWHFRQ\HXURVSRUDxR\8*0(OLPSDFWR
HFRQyPLFRVLPXODGRGHODVHTXtDHQHVRVDxRVUHVSHFWRGHOHVFHQDULRbusiness as usual
KDEUtDVLGRGH\HXURVSRUDxR\8*0
(YDOXDFLyQGHULHVJRVGHSURGXFFLyQHQSDVWRVGHGHKHVDPHGLDQWHXQPRGHORDJURHFRQRPpWULFR
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Figura 3. ,PSRUWDQFLDUHODWLYDGHOFDOHQGDULRHQORVFRVWHVGHVXSOHPHQWDFLyQDQXDOHVVHJ~Q
ORVPHVHVGHODxRVLPXODGRVHQXQDGHKHVDUHSUHVHQWDWLYDGH&yUGREDHQHOSHULRGR
 
 
Tabla 1. 3ULQFLSDOHVPHGLGDVHVWDGtVWLFDVGHWHQGHQFLD\GLVSHUVLyQGHORVFRVWHVGH
VXSOHPHQWDFLyQPHQVXDOHXURVSRU8*0\PHV\DQXDOVLPXODGRVSDUDXQD
H[SORWDFLyQGHJDQDGRERYLQRHQ&yUGRED
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$ SDUWLU GH ORV GDWRV JHQHUDGRV PHGLDQWH HO PRGHOR GH VLPXODFLyQ VH
FDUDFWHUL]DHOULHVJRGHODVHTXtDHQWpUPLQRVGHGXUDFLyQFRVWHGHVXSOHPHQWDFLyQ\
IUHFXHQFLD/RVFRVWHVGHVXSOHPHQWDFLyQDXPHQWDQFRQIRUPHVHSURORQJDODVHTXtD
+HUQiQGH]'tD]$PEURQD(VFULEDQR%iH]\,JOHVLDV
  |
$VtFXDQGRODLQWHQVLGDGGHODVHTXtDVRORDEDUFDXQDGHFHQDHOFRVWHPHGLRGLDULRGH
ODVXSOHPHQWDFLyQSRUHQFLPDGHOYDORUPHGLRHVGH½8*0VLVRQGRVRPiV
GHFHQDVFRQVHFXWLYDVHVGH½8*0HOYDORUPi[LPROOHJDD½8*0
/D HYROXFLyQ GH ORV FRVWHV PHGLRV GH VXSOHPHQWDFLyQ D OR ODUJR GHO DxR
FRQILUPD TXH ORV PD\RUHV FRVWHV VH SURGXFHQ HQ RFWXEUH DJRVWR \ VHSWLHPEUH
)LJXUD6LQHPEDUJRVHGHWHFWDWUHVSHUtRGRVGHULHVJRQRFUtWLFRVSRUVXPD\RU
YDULDELOLGDGPD\RUGHVYLDFLyQHVWiQGDU\YDULDQ]DTXHVHVLW~DQHOSULPHURDOILQDO
GHODSULPDYHUDGHPD\RDMXOLRHOVHJXQGRDSDUHFHDILQDOHVGHOLQYLHUQRHQHQHUR\
IHEUHUR\HOWHUFHUSHULRGRRFXUUHHQHORWRxR/DGHVYLDFLyQHVWiQGDUGHORVYDORUHV
PHGLRVGHFDGDPHVHVXQHVWLPDGRUGHO ULHVJRGHVHTXtDRSpUGLGDGHSURGXFFLyQ
SRUORTXHYDORUHVDOWRVHVWiQDVRFLDGRVDXQJUDQLPSDFWRHQODFXHQWDGHUHVXOWDGRV
GHOJDQDGHUR
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Figura 4. &UHFLPLHQWRGHOSDVWR\FRVWHVGHVXSOHPHQWDFLyQREWHQLGRVPHGLDQWHOD
VLPXODFLyQFRQXQPRGHORDJURHFRQRPpWULFRGHXQDGHKHVDHQ&yUGREDHQHOSHULRGR
SDUDFDGDGHFHQDYDORUHVPHGLRVEDUUDV\GHVYLDFLyQHVWiQGDUOtQHDV 


(YDOXDFLyQGHULHVJRVGHSURGXFFLyQHQSDVWRVGHGHKHVDPHGLDQWHXQPRGHORDJURHFRQRPpWULFR
_

CONCLUSIONES 
(O PRGHOR GHVDUUROODGR SHUPLWH VLPXODU ODV FRPSOHMDV UHODFLRQHV TXH
GHWHUPLQDQ ODV SpUGLGDV HFRQyPLFDV TXH LPSRQH OD VHTXtD HQ ORV VLVWHPDV GH
JDQDGHUtD H[WHQVLYD \ JHQHUDU GDWRV SDUD FDUDFWHUL]DU HO LPSDFWR HFRQyPLFR GH OD
VHTXtD\SURIXQGL]DU HQ VX DQiOLVLV/RV UHVXOWDGRVGH OD VLPXODFLyQ OOHYDGD D FDER
SDUDHOSHUtRGRTXHDEDUFDORVDxRVSHUPLWHQLGHQWLILFDUORVHSLVRGLRVGH
VHTXtD HQ WpUPLQRV GH IUHFXHQFLD GXUDFLyQ H LQWHQVLGDG $VLPLVPR VH KDQ
LGHQWLILFDGR ORV SHULRGRV FUtWLFRV HQ ORV TXH HV LPSRUWDQWH HVWXGLDU \ FRQWUDVWDU OD
FRUUHODFLyQFRQHOtQGLFHGHVHTXtDHQSDVWRVSDUDGLVPLQXLUHOULHVJR\PHMRUDUOD
DFHSWDFLyQGHOVHJXUR 
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